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(54) Wire bonding to copper 

(57) The specification describes techniques for wire 
bonding gold wires to copper metallization in semicon- 
ductor integrated circuits. A barrier layer is formed on 
the copper, and an aluminum bonding pad is formed on 



the barrier layer. Gold wire is then thermocompression 
bonded to the aluminum pad. 
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Description _ .. .. 

Field of th Invention ^ . 

[0001] This invention relat s to. the manufacture of 
integrated circuits, and more particularly to methods, for 
bonding gold wire interconnections to.copper metalliza- 
tion. . • ' .....'-*' 

Background of the Invention' ... 

[0002] In the evolution of senrii conductor manufac- 
turing, one of the enduring technologies js vyire bonding. 
Wire bonding was used to interconnect the earliest IC 
chips to lead frames to make single IC pacj<;ages. As .the. 
chip technology developed, more complex packages 
with higher levels of chip integration, e.g. multichip nciod- 
ules, were required and the need aro$e for, interco^nnect- 
ing these rpodules to each other and to support boards. 
JAB bonding and bump bonding evolved as efficient 
interconnect technologies for these packages, butjWire 
bonding is still a cost competitive technology, and wire 
bonding applications remain in current IC manufacture. 
[0003] In the developrnent of IC interconnect tiech- 
nology. copper was identified early as a desirable candi- 
date . for IC interconnections. .Copper is highly 
conductive, is inexpensive, and the metallurgy of copper 
was well develope^d. However, early experience with 
copper as an interconnect material was poor. Copper is 
electrolytically very active and causes migration prob- . 
lenns jn sernjconductors. In, wire bonded packages, cop- 
per nrietajlization cannot be used .sincejt readily alloys 
.with gold wire bonds and Cu-Au alloys are not robust. 
Because of the l<nown. problems with copper. aluminum. 
^n inferior cqriductor. became the.matejial of, choice for : 
IC rnetalljzati6n..Ac9eptance of alyrninum metallization 
became ..so/, entrenched that other. ; options -have 
remain^ed in the'.bac^^^ . : .^^ ..^^ 

'[0004] ^ I C tech n 6 iogy h a s , now ad va p,ce d , to th e 
point where.the pond uctivity.^qf aluminium js becoming a . 
limiting. factor in |C cl^sigri. This. haW caused ^ process 
designers to revisit^ n^^^ mat^rjai options. One 

that has re-emerged as .proroising is.qopper However, 
integrating copper rjnetal I urgy into current IC propes.sing 

' raises newer versions of th,e old problems. One of the^e 
is wire tponcJing gold wires to copper metallization, 

SUnrimary of the Invention ^ 

[0005] We have developed a process- for gold wire 
bonding, to, copper metallization.^lt involyes forrhing a 
barrier layer; on the pppper, and, forming an aluminum 
pad on .the banrier, layer. Gold wire is then.thermocom- 
pression. bonded to the ^luminjum pad. jJ-. , 

Bri f Description of the Drawing 

[00Q6] Figs. 1-24 are schematic repres ntations of 



, steps ^useful for imple^menting the process of the inven- 
^ tion. ^ , . • 

. Detailed Descripti n - ^ . 

. [000.7]. With reference to Fig. 1. a. silicon substrate 

... 11 i.s shown partially^cutjaway to^indicateahat is a por- 
tion * of .a, much large r.siliGOTvvyafer.- k will be- understood 

. .that.these drawings are not to scale, and. some features 
10 are shown exaggerated for convenience in this^exposi- 

, tton. The^ silicon substrate isrcovered -y/ith a first oxide 
layen:12,4ypica!lyahs field. oxide, a nrietal interconnect 
level :1 3. and an^ jntejlevei ;dielectric layer 14-, whk;h is 
typically deposited ioxide, ^qr. other -suitable dielectric 
15 ..material. Low e opganicimaterials, such as xerqgel or 
aerogej,. are also., suitable -and can; be applied using 
^. spin-onUechpiques..;These elements rare standard in sil- 

;icon>!C technology and, form.^.no part^ofithe invention. 
The -invention. will be .described using thisibasic struc- 
20 . ture as a starting point, but-it yvill be-recognized by those 
skilledjnjthe-aijt that typical integrated circuits may hav 
three9r/ourmetalJevels..MetaJ !eye|.1 3 should be taken 

. as the.nextjto last metal I eye I even though^ other levels 
are typicajly present but not.shown.;^ >j ; 
25 ,. [0008],;-,, .With reference to, Fig. 2v;a photolithographic 

. mask -16 , is applied to theidieleGtric Jayer 14, and pat- 

. . jtefned.. to expose .portions ^of:the interievel dielectric 
vyhere;interlev.el i.nterQpnnectipnS'are to^be made. It will 

, be understopd'.that.iwhere photojithography or photo- 
; 30 : .rhasks ; are- mentioned ! Jn;- this ^description, other- litho- 
graphic,processes; such as x-;ray or e-b earn- lithography, 
can, be substituted. .Using the photoresist as an etch 

. .,rnask,-window;18jsforrned.'through:the interievel dielec- 
trie, as) shown Jn Fig. 3, foriinterlevel>interc6nnectionto 
.35 metal, rur^ne^r ISjv'ilsiext ithe interievel i window- ;i 8 is 

i plugged by depositing, a ^suitable .windov/ plug material 
over tl^e di,electric andjnto the' window; for. example, a 
dual layer of e.g. TIN and tungste^n,* represented by lay- 

f erS'21:!and,22-in :Fig.. ^4.;,can- t>e,us;Gd..The wafer ife then 

.. treate.d by. chemical mechanical polishing (CMP); to pro- 
duqe.the str^jcture. shown in.Fig.'S. Techniques for CMP 

; of TiNA/yJayers, are .descnbed<:n;U.S. Patent Application 
Serial No. 09/1 5 1.077. -filed 09/10/98. The window 'is 
now plugged..vyith',metal plug 23,'and the structure is 
45 .ready fqn deposition, of the next metallization layer.' As 

. wilj-be appreciated, removal of the unwanted metal by 
the CMP step of Fig. 5 results in a more planar structure 
than i^ produced using the moreiConventibraJ mask and 

.etch process, especially in cases where this. sequence 
50 is repeated several times to form multiple ntetal levels, 
.However, for the purposes of the invention , any suitable 
process for forming the interievel interconnection can be 
used.. - - : .•-..'i; - • : h,? . . , \ - > * . . 
[0009] 1, R^ferring to Fig. ^G.-an etch stop layer 2&is 
^ 55 then blanket deposited over the interievel dielectric and 
interievel window.s^as shown.;'A suitable etch stop layer 
is jSilicon^nitride which withstands! typical oxide etchant 
processes, e.g. .RIE etch methods, and prote'cts th 



2 



3 



EP 1 022 776 A2 



4 



interlevel plug when forming. The thickness of the etch 
stop layer is typically 500-1500 Angstroms. ' ^ 

[0010] With reference to Fig. 7, dielectric layer 31 Is 
deposited over the structure, • and ^rnasked with litho- 
graphic mask 32 as shown in Fig. 8. Mask 32 is pat- 
terned to provide opening 33 to foriti^an opening 'liver 
the tungsten plugi23! As indicated'lK Frg. 9, thW exposed 
oxide is etched away/^preferabiy usih^ RIP/eind thfe*sili- 
con nitride* etch stop in- WlndoW'33^ Is removed tdie^ave 
the structure of fig.MO. '* ' - ■ • ^ = 
[0011]. ■ Wnh't^ferenoefe^Fi^-.'l^l.a bafiTier1ayer4^ 
' blanket de'posifed ovbr (he -sGrffircfeW the 'structure and 
intd the window a^ shoWn.-Thifelay^rls-the first 'step in 
defining the' copper'tntfercdririection'laVer which, 'in^the 
sequence^ descnbed hier%.' *is^the'ilast, or the top,-hietar 
layer in the 105 and \i the layer to whf6h wire bonds ire 
to be made. Other cofJper metal llzatibrtneV^fs^ may bis 
b© present in the strtfcture, bilt'the invehtidh-prertarrts to 
the last metal leVel td which iritercorirtedfib'h fe'made^by 
wireifeonding: Thfe preferred itiaterraF ft^^ 
is Ta. >TaM, Ti, 6r Til^r^lttrough other- nrtaWfid Is mby be 
used.- The ba'rrieV i^y^r'C^h ^ie depoFSite^i'bV' Chenrtlcal 
vapor :'depositidh (CVD)*^bl^ ^h/i5ical vapor 'deposition 
(PVD). A 100-1000 An^sfrom layer is ^uitaBleM = 
[0012] With'-re7er6rice to Fig; t2,^'a coppi^r stnke 25 
layer.42 is Ihen blanket'deposfted by PVD. Th6 'thi6k- 
: ness of the 'copper strike layehmay'^be jCist suf^icreht'to 
provide a seed-layer over th^f surface fo^blanT^'(it'electro- 
lytic depositionv e.gi 1000-2000 Arig^troms:^The coplfjer 
* seed "layer 42 enables felectrol^c depb3itioi1f, by 'stahd- ' 30 
- ard tteohhiqued, of copper ' layer^43. Thte thickh^ss of 
layer 4-3: should » be 'sufficient '^o compte^efiy plug' the 
.. o'pening 33 (Figii>12) as'^hOwn- iniplgi^lB';- and is prefer- 
'iiabiy 1 j2i^1.0itlmes the *height <Jf th^ bpening.- Next, the 
i surface ! isv^planah'zed using 'CMP ih"*th*e' mariner ^35 
described tiefobpto prvkfOCe the^^strucfure shown in Fig. 
14t-iWith.rcopper''plug wM- 'si>^6ikided'^n sid'eis' dnd 
. bbttbtn^by barrier layer'46V' ^^--^ ' 'e- •■-'V* 
.{001 3J '■■ •v.'ToiSnfcaps'ulate: the ^ofii^oT ddpp6riplug a 
secorid barrierNlayer; 51 >'ir blanket' depdsrtdd bve> tfte **40 
structure as shown in. Figt ^1 5. > This- barrier layer H^s 
' essentially the ^nriepfbfe6ri()tiorf as barrier layer 41 arid 
ensures tha^ all sides -of th4* copper mefalliz^tidn layer 
ape sealed to prevent copper rriigrati8hir}'the IC. 
[0014]: Wire bond contact is then made to the' cop- 45 
permetallizationilayer as shbwn in Figs - 16-20. With ref- 
erence to'Fig. 16/ the thih banrier laydr 'Si is covei-ed 
? with a thick layer 'of aluminurh 52.'^The' aluminum' layer 
52 may beiidleposited by CVD or PVD and has ^ thick- 
ness preferablyiin the 'range 0.2-1. 0>im. * - • so 
[0015] Aj lithographic mask 53 ^is then Applied to 
etch -layers 51- aRd'.52 *o define *he aluminum bonding 
pad, as shown in Fig. 17, and the unwanted portions of 
Ihese layei;s are^tch s-away uding conventionaf't^bh- 
niques to produces the bonding pad 56;- sepanatWd' fro'M '55 
. the: copp r plug byibarrierilayer 55 as shown m-Fig. IS, 
.Typically. there will be-many. bonding pads 56 on- this 
level. With /-eference tb:Fig. 19; a conventional passivat- 



icg layer 58 is then applied to cap the IC. The capping 
layer may be Si3N4 (SINCAPS) or may be a polymer 
such as polyimide. Preferably' the capping layer Is pho- 
todefinable polyimide. The capping layer 58 is then pat- 
5 tertied, if ptiotodefinabte, or masked and etched to form 
window '59 and expose the surface of aluminum bond 
pad 56. as shown in Fig. 19/Siandard photoresist and 
etching techniques can be used to pattern silicon 
nitride.* If layer 58 is photodefinable polymer, the pho- 
to toresist can be omltted'and the layer itself patterned by 
exposure and development. 

' [OiDiS) Referring to Figj^O, wire 61 J . 
' yUhiihuWpa'd 66 fey^ihermd 
The wire'f^ preferably gold, or a gold alloy with small 
15 -'-anriourttls bf nriietal additives, such as Au-Be, for harden- 
iHg el6* The-'diameter of the wire 'is typically 0.5r2 mils. 
' aiSd^pl-efdirabry 1-1 .2 mils. The area of the aluminum 
boWd pads' is typidally in the r^hge 1000-40000 jxnrf and 
preferabli^ 5000-25000 \xrr?. The TC bonding op ration 
20 is standard. The force may be 15-60 grams, preferably 
40-60 grams. The ultrasonic frequency is in the range 
40-200 kHz, preferably 60-120 kHz. and the power in 
the range 20-200 mW. preferably 50-100 mW. These 
parameters ar^ suitable for a" variety of bdndin'g. tools 
includihg,'e.g. K & S wire bdhde'rs. ' . 

[0017] ' 'An ialternative approach lb the last' few steps 
■ bf ^the' process describecl abdve* is shown in Figs. 21- * 
24. Starting with the structure of Fig. 14. the cap layer ' '"^ 
' 7!21s"applie'd prior to Ihe ^luminurri bonding pad layer. In ' B 

''Ffg*. 21 , windbvi? 71 is shdwn iri cap layer 72. VVindow 71 *-"'t 
"exposes' the -cbpper metallization 44.' BaVrijer layer 73 
"and aluminuWi layer '74' are blariket deposited over the 
cap layer 72; as showri in Fig. 22 ;^nd mto the', window to 
cb'rVtact the c»'ppeV' fViet^llization'i^'yer layer 
74"'is then m^isked Witfi mask'76; as'stioyvri'jjn^ 22. " ^ 

afnd layers 74*'and then73 are dfched to form a/umirium 
bohd pad'77 in=Flg. 23.' Referrir^g to^Fig. 24^' the mask js 
removed and the gold TC WiFe boriH'iS applfe^ io com- 
i^et^ the ifterbdnn^^ r-i!-;- r.^, >■ ii b- ? 

[0018]^ ' ' fh' "'tWe'-' efmpodim^^^^ of the 'invention 
cJ^scribe'd -abcyvl the la^t irt44a( jpatWrn Is' cb'ppeK^arid 
•th^ biifrieNayfefe'as 'de'^brit)^^ 

the copper arfd "prlevfeht .iViigrktlbn 1hto regions' bif differ- 
ent metallurjgy'Belbw. HoW^yei'i^lf 'the underlying levels 
are ialso comprise copper m'elalliza'ii'dn the Tasf le^el, Vn 
level shown iri^he Figures,^ n'eed not have the barriers 
shown between metallization levels. It is still important 
in any case that an effective BarfleV^be present betwe n 
the last copper bonding region and the aluminum wire 
bonding pad. ' ' * 

[0019] The processes Sisscribed above were devel- 
oped fbr* silicon 'C(^6S integrated circuits but' dan apply 
equally to^dtheV kinds of semicdriductor integrated cir- 
cuits such as Ill-V photbriic* integrated Circuits. The^ 
integrated circuits typically have GaAs or InP substrates 
and multilevels of Ill-V ternary and /or quaternary layers 
forming the active devices. However, the interconnec- 
tions can in sdnnfe applications be' similar to thos used 



3 



5 



EP;1 022 77&A2 



6 



in silicon IC technology. These circuits also typically 
operate at very high speeds where copper metallization 
is distinctly advantageous. 

[0020] Most silicon integrated circuits manufactured 
today have polysilicon gates for the transistor devic s, 
and the first level metal is typically polysilicon to form 
the gates and form interconnections for those gates. 
The metal interconnect levels formed after the first level 
are usually aluminum, and one to three aluminum levels 
ar typical. Of these one or more, will be substituted 
with copper according to the teachings described 
above. At least one of the copper levels has wire bond- 
ing sites which are converted to aluminum bonding sites 
according to the invention. Reference to a first metalli- 
zation level or a second metallization level should be^ 
understood to refer to the first or second levels recited, 
not necessarily to the first or second levels in the IC 
structure. 

[0021] Various additional modifications of this 
invention will occur to th.ose skilled in the art. All devia- 
tions from the specific teachings of this specification 
that basically rely on the principles and their equivalents 
through which the art has been advanced are properly 
considered within the scope of the invention as 
described and claimed. 

Claims 

A. A method for the manufacture of semiconductor 
integrated circuits wherein the top interconnection 
level comprises copper, the method comprising: 

(a) depositing a barrier layer on selected por- 
tions of said top interconnection level, said bar- 
rier layer being of a material selected from the 
group consisting of Ta, TaN. Ti, TiN, and conrv 
binatlons thereof, 

(b) depositing an aluminum layer on said bar- 
rier layer, and 

(c) bonding a conductive wire interconnection 
to said aluminum layer 

2. The method of claim 1 wherein the semiconductor 
of said semiconductor integrated circuit is silicon. 

3. . The method of clainri 2 wherein said wire comprises 
gold and is bonded using thermocompression 
bonding. 

4. The method of claim 1 comprising the additional 
steps, prior to step (a), of depositing a capping layer 
on said top interconnection level, forming vyindows 
in said capping layer, and proceeding with steps (a) 

. through (c). 

5. The method of claim 1 comprising the additional 
steps, prior to step (c) of depositing a capping layer 
on said top interconnection level, forming windows 



^ , in said capping layer to expos portions of said alu- 
mjnum layen and proceeding with step (c). 

6. A method for the manufacture of semiconductor 
. 5 integrated circuits comprising the steps of: 

. (a);fprrpjng a copper interconnection layer on a 
semiconductor substrate, 

10 (b) depositing a dielectric layer on said copper 

interconnection layer, 

(c) forming a plurality of, openings Jn said die- 
lectric, layer to leaveiexposed portions of said 

: 15 copper interconnection, layer, 

: r •_. i ..i(d) depositing a barrier-layer on said dielectric 
layer and on said exppsed,portions;of said cop- 
per interconnection layer, 

• ^:(e).depositing:,an aluminum layer on ;said bar- 
r;rier layer, vi;. j 

(f) etching away selected portions of said bar- 
25 1. ... ^ rier layer and said; aluminum layer to4eave a 
lubarrier layer pad and an aluminum layer pad on 
said exposed portion of second conductive 
. i:}.. 1 interconnection layer,- ^ . i -^nrr ■ 

30 (g) thermocompression bonding a conductive 

i c. wire, to said aluminum'pad. * 

7. The method of claim 6 wherein said barrier layer 
. ' .-comprises :a; material selected from the*group con- 

35 sisting of Ta, TaN, Ti, TiN, andt combinations 
thereof. 

8. A method forHhe-imanufacture of- semiconductor 
integrated circuits comprising the steps of: 

i ; - .r,(a) forming a .first con'ductiveiUnterconnection 
layer on a semiconductor substrate, said first 
conductive interconnection layer having a first 
i.^ interconnection pattern, ir- 

(b) depositing a first dielectric layer on said first 
conductive interconnection layer;' : ' : 

, (c) forming' at least one inlerlevel opening In 
50 said first dielectric layer to expose a portion of 

said first conductive interconnection layer, 

(d) depositing a first barrier layer on said first 
dielectric layer, and into said interlevel opening, 

55 

(e) electroplating a copper layer on said first 
barrier layer, said copper layer having a thick- 
ness sufficient to fill said interlevel opening. 
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- * ' ' (f) removing portions of said: first barrier layer • ' 

and said copper layer, leaving a'Biarrier laye^ • ' ' 
and a copper plug filling said interlevel open- 
^ , : ing, - r . : i : c : * 

(e) depositing a barrier lay r on said first die- * ' ^ 
lectric layer 'and on- said cop)j>er plug. 

(f) depositing an aluminum layer on said barrier ■ ' 

.:c layer,^-^^ ^.-..j . 'fu'i ^ ... s 

' ."A c .: -nn-^ 'ut^.' 

(g) etching away selected portions of said bar- * 
-rierlayer and said' teiurriinilJiih Hayer to feave a 
' barrier layerpad-and ah aluriiinOHn layer pad on 

said copper pilr§,- afihfd ' ■ ' ^ ^50d "i. -ii- 

J: - N (h) tfriBrfmy^ompression 'bonding a conductive 
! wire tb said-aluminumpad^ 

9. The method of claim 8 wherein said barrier layers 20 

' 4 comprise a mater ialr'selected-froiti'^h^ group con- * ' 

sisting of Ta. TaN, Ti, TiN, 'aYKf ^combinations 
thereof. 

10. -A .method fornihe' manufacture bf sfemiconductor .25 
; integrated (Circuits comprising tbe st^s'bf: 

.^^ "-^ .M'^ 1 : - 

(a) forming a coppei- intercortnectibn layer on a 
semiconductor substrate. 

(b) forming /a ibBrrier layer on selected portions * 
of said copper interconnection layer, 

- / . (c) ibrming a^^diun3ih\im iayer on '9^rd^ ^ * - 

(d) depositing an insulating capping layer over 

sard semicohductor substrate, •'-'{-•'"■'^ - ■ 

(e) removing- selected portions of said insulat- '-'40 rr-j-.^-rini- 
:^^ ing^capping.layer to expos>€«p6r!bhs of said 

.J aJunrtinum layer,' and i:*'^ 

(f) thermocompression bonding a- conductive 
wire to said aluminum pad. 45 

11. The method 6f claim 10: wherein said barrier layer 
comprises a material selected from the group con- 

i -:.sistingkof Ta, TaN, Ti, TiN; ^and ' combinations 

thereof. 1. - t. - , . .'.'^ so * 
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